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Weather/Heat-Waves, EuroHEAT” (Meeting Report Bonn, Germany, 22-23 March 
2007) highlights the fact that hot weather can kill and cause illness.
 – Within the CANICULE project more than 30,000 excess deaths were observed between 
June and September 2003 (Robine et al., 2008).
 – A ten-year analysis of 15 European cities, carried out in the PHEWE4 project, estimated 
a 2% increase in mortality in northern cities, and a 3% in southern cities for every 1°C 
increase in apparent temperature above the city threshold level.
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FIGURE 1.1 Graph showing the number of deaths/day related to the temperatures in Paris during the heatwave 
2003 (Dousset, 2011)
Heat waves wreak havoc especially in cities, where the Urban Heat Island effect 
increases the daily average temperature and prevents them from cooling down during 
the nights. Urban Heat Islands are caused by the changes human constructions 
introduce in the radiative and thermal properties of the environment. The annual mean 
air temperature difference between the city and its rural environment ranges from 1 to 
12°C (EPA, 2016).
The most appropriate tool for the systematic assessment of heat islands at city and 
regional scale is remote sensing, which allows for analysing surface temperature maps 
and for producing images revealing the distribution of other parameters influencing 
UHI (imperviousness, greenery, etc.).
Although there are many scientific peer-reviewed journal articles studying the Urban 
Heat Island effect in depth for different case study cities around the world from a 
climatological perspective (Dousset, 2007; Yang Lui, 2009), there seems to be a gap 
between the sophisticated available technologies (remote sensing), and the local UHI 
policies for the vast majority of medium-size to large cities. Urban planners punctually 
use images processed by remote sensing, but our discipline has not appropriated such 




technology for urban planners to be able to analyse the thermal behaviour of cities, in 
order to generate action plans for thermal masterplanning at the scales of the region 
and the city.
There are two main heat island types: the surface UHI and the atmospheric UHI, and 
they have different behaviours and different identification methods.
The surface heat island refers to the surface temperature difference between the rural 
and the urban environment, which has its greatest intensity during summer days, 
ranging between 10 and 15°C. The surface temperature difference during night-time 




heat stored in the built environment). There are two types of atmospheric heat islands 
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FIGURE 1.2 Schematic of climatic scales and vertical layers found in urban areas. Planetary Boundary Layer 
(PBL), Urban Boundary Layer (UBL) and Urban Canopy Layer (UCL). (Oke, 1987). 
FIGURE 1.3 Basic characteristics of Surface and Atmospheric Urban Heat Islands. Extracted from Reducing 










Compendium of Strategies (EPA, 2015).
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FIGURE 1.5 Conceptual drawing of the diurnal evolution of the UHI during calm and clear 
conditions (EPA, 2015).
§  1.2 Overall UHI analysis and mitigation strategies
There are certain generic validated conclusions referring to UHI mitigation, however 
these are often not site specific, and thus should often be complemented by the use of 
tools to customise the assessment.
There are three types of mitigation actions to reduce UHI, at neighbourhood, city and 
regional scales. These will be discussed here.
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§  1.2.1 References at neighbourhood scale
 – Climate zones London (Chandler, 1965).
 – Meteorologically significant land uses in St Louis (Auer, 1978).
 – Urban terrain zones Ellefsen (1990).












Research (CSIR) in South Africa (Conradie, 2016) divides the country in climatic zones 
(Köppen-Geiger) and suggests specific passive design strategies for each of them.
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§  1.2.2 References of urban studies







surface air temperatures over vegetated areas were 1°C lower than 
background air temperatures.
 – Imperviousness coefficient has a stronger linear relationship with land 
surface temperature (LST) values than with NDVI (Yuan and Bauer 2007), 
particularly in bare soil locations (Carlson et al. 1994).
 – The difference in urban and rural NDVI is linearly related with the difference 
in urban and rural minimum air temperatures (Gallo et al. 1993).
 – The heat fluxes can be expressed as a function of the vegetation indexes in 








Potcher et al., 2006; Yu et al., 2006; Zhou, 2011). During night-time the 
coolest parks are those without trees (Chang, 2007; Taha, 1991).
 – Vegetation reduces the near-surface air temperature on average by 1 
to 4.7°C, particularly during night-time when the UHI intensity is high 
(Kleerekoper et al., 2012; Li & Norford, 2016).
 – Assessments of the thermal load in terms of surface temperature in Tel Aviv 










 – A white surface with an albedo of 0.61 is only 5°C warmer than ambient air whereas 
conventional gravel with an albedo of 0.09 is 30°C warmer than air (Taha et al., 1992).
 – Increasing the surface albedo from 0.25 to 0.40 could lower the air temperature 
as much as 4°C (Taha et al., 1988).




 – Replacing materials with new surface cover reduces the radiative heat gain in the 
material and improves evaporative properties of the urban surface (Roth, 2013).
 – The current research trends in the field are focused on the development of 
highly reflective pavements and permeable pavements that use the cooling 
evaporation capacity of water (Santamouris, 2013).




 – A strong correlation was also found between paved surfaces and LST (Zhou et al., 
2011; Li et al., 2011).
 – Diurnal LST is correlated with the largest patch size of the urban land use type 
(Cheng et al., 2014). 
 – The same impervious surface produces a smaller UHI effect when it is spatially 
distributed (Li et al., 2011).






have been recorded during the day (Hendel et al., 2016).
 – Sky view factor. The sky view factor (SVF) was defined by Oke as the ratio of the amount 
of the sky seen from a given point to that potentially available (Oke, 1987). Its values 
range from 0 for full obstruction, to 1 for completely open areas. The average SVF in 
central parts of European cities ranges from 0.40 to 0.75.
 – Some studies reveal a strong relationship between the SVF and the nocturnal 
UHI in calm, clear nights (Svensson, 2004; Unger, 2009).
 – However, other studies reveal that the nocturnal UHI is not only affected by the 
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§  1.2.3 References at regional scale








 – Water surfaces. The role of water surfaces is unclear, but appears to depend 
on the size and depth of the body of water. Some studies revealed water had a 
positive effect on local cool island intensity (Saaroni and Ziv, 2003), while others 
have suggested its contribution is negligible (Cao et al., 2010).
 – Cool wind corridors
 – Rivers. Often act as the best wind paths to channel sea breeze into cities 
(Yamamoto, 2006).
§  1.2.4 References of the use of remote sensing for UHI assessment






 – Systematic analysis and mapping several UHI related parameters:
 – Surface heat fluxes (Parlow, 2003).
 – Land surface temperatures (Dousset et al., 2011).




§  1.3 Systematic approach to the UHI assessment
Some researchers have attempted to create online tools to produce systematic and 
customised UHI assessment to analyse and develop mitigation action to palliate the 
effect of the UHI effect.
 – The Decision support system (DSS) covers 8 metropolitan areas in the Central Europe 
Region (Bologna/Modena, Venice/Padua, Wien, Stuttgart, Lodz/Warsaw, Ljubljana; 
Budapest and Prague). Assessment of the UHI at building and the urban scale (Urban 
Heat Island project, 2014).
 – The CE Urban Heat Island Atlas is actually an interactive digital map which allows to overlap 
layers of parameters which play a role in the formation of the UHI phenomenon in the 
Central Europe region. The different layers available are: location of the project partners, air 
temperature, digital elevation model, land surface temperature (day and night), normalised 
differential vegetation index, land cover (corine), and urban atlas land use.









 – The ADMS model was also developed within the Lucid program for the city of London, 
and is a neighbourhood scale model which allows to estimate the temperature and 
humidity depending on the building volume and surface covers (it considers albedo, 
evapotranspiration and the thermal admittance of surfaces) (Hamilton et al., 2012; 
University College London, 2012).
 – EPA Mitigation Impact Screening Tool (MIST) (EPA, 2016) is a software tool developed 
by the US Environmental Agency to provide an assessment of the impacts of several 
UHI mitigation strategies (mainly albedo and vegetation increase) on the reduction 
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FIGURE 1.7 Global temperature rise relative to 1981-2010 based on climate model 
calculations performed for the IPCC 2013 report. Two different IPCC emission scenarios: 





between 30-year periods (gray).
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Temperature observations and predictions in De Bilt refer to temperatures in a 
rural environment, which in the summer happen to be lower than in the urban (and 
suburban) areas.
Several studies predict an increase of the UHI in Dutch cities (Figure 1.9).
FIGURE 1.9 Increase in Urban Heat Island effect per district in the Hague. Alterra 
Wageningen UR (De Groot, 2011).
Thermal comfort not only depends on air temperature but also on other parameters 











climate dominated by the polar front ), a study on 24 Dutch cities (Steeneveld et al., 
2011) reveals that 50% of the analysed urban areas are subject to heat stress seven 
days per year (Figure 1.10). The differences of absolute and relative atmospheric 
humidity between city and rural environment are  minimal: 5% and 9-15% respectively 
(CPC, 2014), and thus in this case, the dry bulb temperature studies are relevant when 
studying the UHI.







temperature records, by using alternative methods:
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recent awareness of the phenomenon. In the authors studies (Echevarria Icaza et al., 
2016a; Echevarria Icaza et al., 2016b; Echevarria Icaza et al., 2016c) the same tools 
were used (parameters retrieved through satellite imagery: LST day and night, NDVI, 
albedo, heat fluxes, etc.) to carry out the analysis at the different scales, in order to 
ensure the transferability and comparability of the results. On the other hand, in these 
studies (Echevarria Icaza et al., 2016a; Echevarria Icaza et al., 2016b; Echevarria Icaza 




of the country (North Brabant belongs to that region) and the Western region (South 














Icaza et al., 2016a) focuses on the province of South Holland.
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§  1.5 Problem statement and objective
In a context where the spatial planner´s work requires more than ever the instruments 
to address the integration of multiscale and multidisciplinary parameters, it seems that 
the study of tools to develop urban design guidelines to positively influence the heat 
islands in Dutch cities and regions (where historical records of urban air temperatures 
are lacking) could be divided in two parts: on the one hand an overall reflection on the 
heat island phenomenom, the relevance of the larger scales (city to regional) for its 
reduction, existing technology (remote sensing) and instruments for its assessment 
(online platforms) and suggestion of catalising mapping strategies (game-board, 
rhizome, layering and drift); and on the other hand a specific assessment of the 
phenomenom at regional, city and neighbourhood scale for relevant locations in The 
Netherlands testing the instruments, tools and mapping strategies suggested in the 
first part.
§  1.6 Research questions
Main research question:
Could the use of satellite imagery help analyse the urban heat in the Netherlands and 
contribute to suggest catalysing mitigation spatial planning guidelines implementable 
in the existing urban contexts of the cities, regions and provinces assessed?
The first two research subquestions are part of a generic reflection on the relevance of 
the large scale assessment of the UHI phenomenon.
Subquestion 1: SCALE
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Subquestion 3: STRATEGIES




relevance of the large scale (city to regional) for urban heat adaptation purposes, 
they have selected the tools suitable for the study (satellite imagery and processing 
software) and they have defined the relevance of the mapping strategies for the 








§  1.8 Research Scheme
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